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Abstract
An increasing number of ecologists and researchers have addressed microplastics pollution in marine
waters to explain the source, the transport, and the fate of these pollutants. Further data on the
concentration of microplastics in the water column are crucial for understanding the impacts on
ecosystems and to implement monitoring programs.

This study provides information on the concentration and composition of sea water surface
microplastics in three Italian subregions of the MSFD. We examined the �ow of MPs from coastal to
offshore areas, comparing their densities. We tested the e�ciency of two sampling methodologies to
evaluate the abundance and typology of MPs between marine layers. The results of this study con�rm
the high values of this pollutant in the Mediterranean Sea (0.029 ± 0.033 items · m-2), a MPs gradient
from coastal to offshore areas, and a difference between the surface and subsurface marine layers.

Introduction
The production and the use of plastic materials increased exponentially during the 20th century (Barnes
et al., 2009). The plastic development process has led to inevitable consequences, with obvious
repercussions on waste management and negative impacts on terrestrial and aquatic ecosystems
(Lebreton et al., 2019; Thompson et al., 2009).

A study by Koelmans et al. (2017) suggested that 99.8% of plastics that entered the marine environment
since 1950 have degraded into micro and nanoplastics. According to Matiddi et al., (2021) microplastics
(MPs) are de�ned as “all sort of small particles of plastic, less than 5 mm in two of their three dimensions
that pass through a 5 mm mesh sieve but are retained by a 330 µm mesh sieve”.

MPs are widespread in seas and oceans, mostly found on the surface but also in the water column and
marine sediments (Ryan et al., 2009). The spatial distribution of this pollutant is in�uenced by multiple
interacting factors (Franceschini et al., 2019). In particular, �oating microplastics are carried by sea water
movements and their distribution will re�ect the surface and winds circulation (Iwasaki et al., 2017;
Reisser et al., 2015). Even if, in coastal areas, multiple anthropic factors can affect their accumulation
and dispersal (Suaria and Aliani, 2014; Thiel et al., 2013). In fact, proximity to big cities and anthropic
activities (e.g., �shing, aquaculture) can signi�cantly contribute to the amount of marine litter in the
marine environments (Araújo and Costa, 2007; Jambeck et al., 2015; Rech et al., 2014; Thiel et al., 2013;
Galgani et al., 2013; Lusher et al., 2017).

The abundance, persistence, and ubiquity of MPs represent a crucial factor in environmental pollution
and a serious threat to marine organisms. Indeed, the smaller size of MPs increases the probability of
plastic ingestion by individuals (Auta et al., 2017; Kühn et al., 2015; UNEP/MAP SPA/RAC, 2018; Werner et
al., 2016; Sbrana et al., 2020; Tsangaris et al., 2020; Valente et al. 2019).
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On 2008, the European Union approved the Marine Strategy Framework Directive (MSFD, 2008/56/EC) to
protect more effectively the marine environment across Europe. The overall achieve of the MSFD is the
Good Environmental Status. One of the major objectives is to reduce the loss of marine biodiversity and
to monitor the concentration of pollutants in marine environments, and their impact on marine biota. In
particular, the Marine Litter survey (D10 Marine Litter) is aimed at protecting the marine environment
against harm caused by litter. Although there is no regular regional monitoring, several scienti�c studies
show the existence of considerable amounts of micro-litter in the MSFD sea waters (European
Commission, 2020), which is directly linked to the occurrence of litter in the terrestrial and riverine
environment.

The Directive requires Member States to de�ne GES at the level of the region or subregion, planning to set
threshold values, perform regular assessments, and implement programs of measures (2017/848/EU).
The assessment of the current environmental status requires a comparison between a reference
(expected/usual/normal) state and an impacted one. (Werner et al., 2020). Thus, it is necessary to de�ne
the reference values for indicators against which the actual or potentially changed situation can be
compared. Nowadays, the de�nition of threshold value is computed only for beach litter (Van Loon et al.,
2020). Regarding microlitter there is a lack of coherence within the same marine region or subregions and
harmonized sampling and laboratory methods need to be agreed (Werner et al., 2020). Method of
sampling and laboratory analysis conducted by different countries are often inconsistent and there is a
fundamental absence of comparability among data (Hermsen et al., 2018; Covernton et al., 2019).

It is therefore important to increase marine MP concentration data and to develop standardized sampling
protocols to be comparable across studies and regions, as well as useful for predicting and assessing the
effects of MP contamination on marine organisms.

This pilot study aims to quantify MP concentrations in the sea water surface. The results may contribute
to increasing data and assess potential implications for future MSFD monitoring programs.

We examined the �ow of MPs from coastal to offshore areas, comparing their densities. Furthermore, we
tested the e�ciency of two sampling methodologies to evaluate the abundance and typology of MPs
between marine layers. We conducted sampling at three areas within the MSFD Italian subregions in the
Ligurian Sea, the Adriatic Sea, and the Ionian Sea. We collected 249 sea water samples and MP
concentrations were determined following the same methodological protocol. The distribution of
microlitter was analyzed in terms of MPs concentration, polymer types, shapes, and colors, to explore
patterns of aggregation and to further investigate their potential relationships.

Methods

Sampling location
The Marine Strategy Framework Directive (MSFD) divides the Mediterranean Sea into speci�c subregions,
including Italian territorial waters and contiguous zones:



Page 5/19

The Adriatic Sea (MAD).

The Western Mediterranean Sea (MWE).

The Ionian Sea and the Central Mediterranean Sea (MIC).

The Italian national microlitter monitoring protocol for MSFD was developed by the Ministry of the
Ecological Transition (MiTE), the Italian National Institute for Environmental Protection and Research
(ISPRA), and the Regional Environmental Protection Agencies (ARPAs).

The study included sampling at coastal and offshore areas of the three Italian subregions (MWE, MAD,
MIC) during the period 2019-2020. Coastal samplings were performed by the 3 ARPAs in the Italian
administrative regions (Liguria, Calabria, Puglia). Coastal sampling was carried out at different distances
along a line orthogonal to the coast (0.5, 1.5, and 6 NM). Offshore samplings (12, and 24 NM from the
coast) were performed by ISPRA, following the tracks of the coastal ones (Fig. 1).

Sampling activities
Samples from the surface layer of the sea were collected using the manta trawl net (mouth: 50 x 25 cm,
net: 330 µm mesh size). The variability of the sampling method was veri�ed during offshore sampling
using simultaneously two manta nets, one to the left (port side; Fig. 2a) and one to the right (starboard;
Fig. 2b) of the stern ship. Moreover, offshore subsurface samples were collected at a depth of 10-20 m
using a plankton net wp2 (Ø = 50 cm, net: 330 µm mesh size; Fig. 2c). The sampling involved three
consecutive withdrawals in each station, both inshore and offshore. Nets were trawled for 20 minutes
along rectilinear transects, with a speed of 1-2 knots, in the opposite direction to the surface current and
the wind direction. For each trawl, the GPS coordinates at the beginning and end of sampling were
recorded in WGS 84 UTM 32.

The sampled area during each trawl was calculated using the instrument’s length dimensions and the
distance covered during the sampling.

The collected material was detached from the collection sock of the net and the sample was poured,
using 330 µm metal mesh sieves, into 500 ml glass jars for subsequent qualitative and quantitative
analyses. The samples were stored in refrigerators at 4°C or room temperature and protected from light
and heat.

Laboratory analyses
In the laboratory, samples were treated with 15% H2O2 to digest organic substances. Hydrogen peroxide
solution was added at a 1:1 volume, sample: solution ratio, and stored 5 days at room temperature.
Afterward, samples were vacuum �ltered through a Whatman GF/DTM �lter (47 mm in diameter, pore size
2.7 µm).

MPs were visually sorted and identi�ed under a stereomicroscope. MP recognition was performed
following the MEDSEALITTER protocol (MEDSEALITTER deliverable 4.6.1 “Final common monitoring
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protocol for marine litter”) considering: i) the resistance of the particles to the contact with tweezers; ii)
the absence of cell structures; iii) either typical skewed shapes and crooked edges or uniform thickness;
iv) distinctive colours. Furthermore, we considered plastic items those showing a dark sticky mark when
touched with a hot needle (Hermsen et al., 2018). Polymer characterization was performed by taking a
10% sub-sample of offshore plastic particles (Total items = 300) and using Nicolet iS10 Fourier
Transform Infrared Spectroscopy with Attenuated Total Re�ection (ATR-FTIR) (Thermo Fisher Scienti�c,
Madison, WI, USA).

All the collected particles were sub-divided into 6 shape categories (�ber, �lament, foam, sheet, fragment,
pellet) and colors.

To avoid secondary contamination, a Tyvek® protective suit was used during all laboratory phases, and
samples were processed under a laminar �ow cabinet. Filters were stored in covered petri dishes and all
laboratory instruments and tools were washed with ultra-pure water and checked under a
stereomicroscope, to prevent cross-contamination. Procedural blanks were used in all steps (digestion,
�ltration, and identi�cation) for each batch of processed samples (about 10 samples).

Data analyses
Microplastic concentration was expressed as the number of particles per surveyed area (items· m−2).
Firstly, a data exploration was performed to detect outliers, assess the collinearity of the explanatory
variables, and relationships between the response variable and the explanatory ones (Zuur et al., 2009).
The normality of the data was tested using the Shapiro-Wilks test, and non-parametric data log-
transformed where applicable.

Comparison among subregions were assessed using a Kruskal-Wallis and Mann-Whitney-U test for non-
parametric data.

Generalized Linear Models (GLMs) with gamma distribution were used to evaluate the interaction among
procedural and environmental variables (gear, distance from the coast, subregions, depth, wind speed)
and MP concentrations. Model selections were based on the information-theoretic approach (Burnham
and Anderson, 2007), by comparing models AICs (Akaike's Information Criterion; Akaike 1974). A
signi�cant difference was attributed where p < 0.05.

A nonmetric multidimensional scaling (nMDS) plot was used to examine the shape of microplastics (i.e.,
by particle typology - �ber, �lament, foam, sheet, fragment, pellet) among surface - subsurface sea
waters. The plot considered both the number of microplastics as well as the shape of particles within
each sample. It grouped samples with similar patterns based on both amount and typology. For nMDS
plots two-dimensional ordinations using “metaMDS” and Bray-Curtis dissimilarity was made.

Statistical analyses were conducted with R 4.0.4 (R Core Team, 2021), using ggplot2 (Wickham, 2016),
ggmap (Kahle and Wickham, 2013), and vegan (Oksanen, 2009) packages.
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Results
During the surveys, 249 water samples were collected. Most of the samples showed the presence of
plastic-like microparticles in each of the three subregions (total items · m−2: MWE= 2.505; MAD= 2.302;
MIC= 3.116) with a mean total concentration of 0.029 ± 0.033 items · m−2.

Sea water concentration of microplastics did not show signi�cant differences among subregions (Fig. 3a,
Table 1). The coastal sites (inshore) had the highest concentration of microplastics (MPs average:
inshore = 0.062 ± 0.054; offshore = 0.020 ± 0.017), which differed signi�cantly from the offshore
samples (p < 0.05, Table 1). Among offshore waters, we found a signi�cant difference between MWE and
MIC subregions (p < 0.05, Table 2).

Table 1
Chi-squared and p-values with signi�cant code (*) of no-parametric Kruskal-Wallis
and Mann-Whitney-U tests of signi�cance among subregions and coastal distance
(inshore – offshore). Concentration (mean ± SD and %) of items · m−2 found in sea

water in areas of the three Italian MSFD subregions: MWE, the Western
Mediterranean Sea (including the Ligurian Sea and Tyrrhenian Sea); MAD, the

Adriatic Sea; and MIC, the Ionian Sea and Central Mediterranean Sea.
Kruskal-Wallis

      Chi-squared p-value  

Subregions 2.7144 0.2574  

Coastal distance 31.878 1.7e-08*  

Mann-Whitney test

Inshore Offshore

  MIC MWE   MIC MWE

MAD 0.04* 0.45 MAD 0.13 1.00

MIC 0.81 - MIC 0.02* -

MIC MWE MAD MIC MWE MAD

Mean ± SD 0.042 0.062 0.090 0.025 0.017 0.018

± 0.032 ± 0.050 ± 0.075 ± 0.019 ± 0.015 ± 0.014

% 21% 32% 47% 42% 28% 30%

Table 2 Summary of the results from the best �t GLM with a gamma distribution (including only coastal
distance) in areas of the three Italian MSFD subregions: MWE, the Western Mediterranean Sea (including
the Ligurian Sea and Tyrrhenian Sea); MAD, the Adriatic Sea; and MIC, the Ionian Sea and Central
Mediterranean Sea. 
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Signi�cance codes: *p<0.05; **p<0.01; ***p<0.001.

Sea   Estimate Std. Error T value P value

MAD log (MP/m2) 0.4318152   0.0164854 26.194   ***

Dist. Coast -0.0039383 0.0008703 -4.525 ***

MIC log (MP/m2) 0.3841899   0.0132278 29.044    ***

Dist. Coast -0.0008016 0.0006869   -1.167 0.246

MWE log (MP/m2) 0.3928887 0.0131887   29.790   ***

Dist. Coast 0.0022711   0.0007992   -2.842 **

The best �t GLM model, with the lowest AIC (Fig. 3b, Table 2), included only distance from the coast as a
predictor of MPs concentration. The summary of the model showed a signi�cant decrease in
microplastics with increasing distance from the coast in samples from the Adriatic Sea (Fig, 1-MAD) and
from the Ligurian Sea (Fig. 1-MWE), while it is not detected in samples from the Ionian Sea (Fig. 1-MIC).

The concentration of microplastics in offshore waters was signi�cantly different among vertical marine
layers (Fig. 4b, p < 0.05). Surface water samples had a mean abundance of 0.027 ± 0.016, while
subsurface samples had a mean abundance of 0.007 ± 0.006.

Particles varied by shape and color (Fig. 4a). Fragments were the predominant types (39%) followed by
sheet (28%), �ber (17%), �lament (11%), foam (3%) and pellet (2%). We found a great variety of colors,
ranging from dominant blue items (29%) to black (20%), white (18%), red (14%), green (12%), and others
(7%). FT-IR identi�cation con�rmed that all isolated particles were plastic polymers: 72% polyethylene
(PE), 24% polypropylene (PP), and 4% polystyrene (PS).

The nMDS plot suggested that subsurface samples were less similar in microplastics typology compared
to surface starboard and port side samples (Fig. 5). While surface samples collected with manta nets
(both on starboard and port side) are characterized by a similar proportion of different MP types (e.g.,
fragments, sheets, �laments and �bers), subsurface samples had a predominance of �bers.

Discussion
Our results con�rm the high abundance of MPs in the Mediterranean Sea (Caldwell et al., 2020; Cincinelli
et al., 2019; de Lucia et al., 2018), and not reveal a particular pattern of MPs accumulation or more
impacted areas.

Consistently with previous studies (Atwood et al., 2019; Coll et al., 2012; Desforges et al., 2014; Pini et al.,
2019), the concentration of MPs in the Ligurian and the Adriatic Sea follows a gradient with distance
from the coast. Sampling sites close to the coast show signi�cantly higher MP concentrations than
offshore waters (12 – 24 NM).
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On the contrary, results from the Ionian Sea are not signi�cantly affected by coastal distance. In this area
(Gulf of Taranto), the mapping of the mesoscale and large-scale geostrophic circulation shows the
presence of an anticyclonic gyre occupying the central open sea (Pinardi et al., 2015). Sea currents could
in�uence the accumulation and transport of MPs (Liubartseva et al., 2018; Mansui et al., 2020; Zhang,
2017) and, the generation of eddies in the Gulf of Taranto could alter the �ow of microplastics, hiding the
gradient found in other sampled areas.

Furthermore, the coastal samples show a high inter-variability of MPs compared to offshore ones. The
concentration and distribution of MPs in the water surface are highly variable due to seasonal changes in
river out�ows, currents, mechanisms of degradation and fragmentation, changes in litter size, shape,
buoyancy, and movement to and from other compartments (Atwood et al., 2019; Cózar et al., 2015;
GESAMP, 2019; Jambeck et al., 2015; Mansui et al., 2020). The abundance of MPs can be in�uenced by
processes operating over hours, days, weeks, or months; including tidal conditions, short-term wind and
rain events, and seasonal extremes (GESAMP, 2019). In coastal areas, these phenomena are stronger and
more variable than in the open sea (Hamid et al., 2018). Marine litter inputs come mainly from land-based
sources, where anthropogenic pressures persist locally (Jambeck et al., 2015), and disperse and decrease
widely in the open sea (Gorman et al., 2020). Decreasing abundance from inshore sample to offshore
sample could be done to a dilution process from the input point, and MPs sink to the bottom.

Several studies estimated the vertical distribution of MPs in the water column depending on
environmental variables (Kukulka et al., 2012; Kooi et al., 2016), instrumental mesh size (Green et al.,
2018; Karlsson et al., 2020; Viršek et al., 2016; Zheng et al., 2021) or particle densities (Choy et al., 2019.;
Lenaker et al., 2019), considering different methods to sample sea water MPs. The most common
approach is the surface net tow, using a manta trawl, to collect �oating MPs, while for sampling in
subsurface waters, a plankton net is typically used (Cutroneo et al., 2020).

In the offshore sampling waters, we made a comparison between surface and subsurface marine layers.
Our results show that a signi�cant difference occurs in the abundance of MPs collected in the two layers.
The surface samples had a greater concentration of microplastics compared to the subsurface waters
(0.027 ± 0.016 vs 0.007 ± 0.006), suggesting that MPs decrease drastically with depth, as also
highlighted by Kooi et al., 2016 and Reisser et al., 2015.

In line with most of the published studies (Barrows et al., 2018; Goldstein et al., 2013; Llorca et al., 2020;
Suaria et al., 2016) shape and colors of MPs are highly heterogenous in all three sampling areas. The
study con�rms the predominance of fragments blue or black in sea water surface, as still reported by
some authors (Alomar et al., 2016; Pini et al., 2019; Suaria et al., 2016; de Lucia et al. 2018; Güven et al.
2017).

Furthermore, the nMDS analysis reveals differences in MP types among water layers. For most types, the
concentration of particles is consistent with the above results (i.e., a decrease with increasing depth).
Conversely, the greatest concentration of �ber particles is found in subsurface waters. This phenomenon
is probably due to the lower density of this particle than sea water density. Additionally, �bers are most
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susceptible to wind mixing than other MP types, because of their low buoyancy (Choy et al., 2019; Kooi et
al., 2016).

As suggested by GESAMP (2019), “it is important to establish a baseline by carrying out an initial survey,
which will form the basis for monitoring future changes in the type, abundance, and distribution of plastic
marine litter”. In recent years, much importance has been dedicated to implementing monitoring
programs for the management and evaluation of MPs in surface waters. This study shows an increase of
microplastics in the coastal zones, and this result suggests a greater input of plastic from the mainland
(Auta et al., 2017; Jambeck et al., 2015).

Have a deep knowledge of marine litter sources is essential to monitor the spatial and temporal variability
of MPs. As the main input of plastic in the marine environment comes from beaches, riverside or inland
(Campanale et al., 2020), the importance of planning clean-up actions and program of measures (e.g.,
best waste management) is crucial to achieve a decreasing trend of MPs concentration.

In offshore surface waters, MPs are widely dispersed and could be extremely conditioned by the
hydrodynamic forcing (winds, tides, and currents) (Liubartseva et al., 2018; Zhang, 2017) or the speci�c
properties of plastic particles (Choy et al., 2019; Kooi et al., 2016). To date, the data acquired so far are
not su�cient to establish the primary causes of the accumulation of MPs on sea water surfaces. The
assumptions made by different authors to model the transport and the accumulation of �oating marine
litter leads to more or less signi�cant discrepancies (e.g. higher density of MPs in the coastal areas)
(Liubartseva et al., 2018; Mansui et al., 2020).

Understanding dynamics of aggregation on surface microplastics is essential to improve the monitoring
strategy for MSFD programs. Several studies highlight that proximity to hotspots of sea�oor
macroplastic is signi�cantly related to microplastics ingestion by marine organisms (Alomar et al., 2020;
Franceschini et al., 2021a). However, only few studies combine an accurate characterization of MPs
isolated from sediment and water samples with the analysis of MP ingested by marine animals. A full
comprehension of mechanisms and patterns that de�ne the fate of MPs will be useful to support the
global action plan. This becomes crucial in the sea water surface where researchers reported higher
concentrations of MPs ingested by planktonic feeders compared with other commonly studied taxonomic
families (Covernton et al., 2021).

The knowledge behind microplastic distribution in the column water is a key component in the view of
future understanding about microplastic transportation and fate in the Mediterranean Sea. This is not
only to identify the seabed areas with high accumulation potential, but also to carry out future studies on
the interactions of these contaminants with biota and the quality of the product �shed at sea
(Franceschini et al., 2021).

For these reasons, contribute to data sharing on surface microplastics is important in increasing
knowledge on marine litter, reducing the risk of bias, and developing further research.
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Figures

Figure 1

Italian sea water (coastal and offshore samples) in areas of the three MSFD subregions: MWE, the
Western Mediterranean Sea (including the Ligurian Sea and Tyrrhenian Sea); MAD, the Adriatic Sea; and
MIC, the Ionian Sea and Central Mediterranean Sea.
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Figure 2

Sampling method for sea water microplastics using simultaneously two manta nets, one to the left (port
side; a), one to the right (starboard; b), and a plankton net (c) at a depth of 10-20 m. ©ISPRA, 2020.
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Figure 3

Sea water microplastics differences among subregions (a) and coastal distance (b) in areas of the three
Italian MSFD subregions: MWE, the Western Mediterranean Sea (including the Ligurian Sea and
Tyrrhenian Sea); MAD, the Adriatic Sea; and MIC, the Ionian Sea and Central Mediterranean Sea. Offshore
waters range from 12 to 24 NM; inshore waters range from 0.5 to 6 NM.

Figure 4

Shape categories, colors (a), and layers (b) of microplastics collect in sea water in areas of the three
MSFD subregions: MWE, the Western Mediterranean Sea (including the Ligurian Sea and Tyrrhenian Sea);
MAD, the Adriatic Sea; and MIC, the Ionian Sea and Central Mediterranean Sea.



Page 19/19

Figure 5

A nonmetric multidimensional scaling plot created using the number of microplastics typologies within
each sea water layers (starboard – port side surface, and subsurface waters) in areas of the three Italian
MSFD subregions: MWE, the Western Mediterranean Sea (including the Ligurian Sea and Tyrrhenian Sea);
MAD, the Adriatic Sea; and MIC, the Ionian Sea and Central Mediterranean Sea. We used the Bray-Curtis
dissimilarity metric and plot it in two dimensions. Samples close together in space on the plot suggest
they have a more similar type of microplastics. The colors stand for the 2D density plot of sampling
gears.


